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Nuclear nonhistone proteins (NHP's) have been implicated as regulatory agents involved in
controlling genetic expression. Utilizing murine melanoma cells, we describe a method for iso-
lating and fractionating NHP's which greatly increases the yield of these proteins as well as the
level of resolution required for detecting small differences in particular NHP's. Mouse mel-
anoma cells were grown in medium labeled with [3H]leucine. Following 48 hr ofincubation, the
cells were harvested and nuclei isolated. The NHP's were extracted from the nuclei in a series
of steps which yielded four major fractions: NHPI, NHP2, NHP3, NHP4. This method solubi-
lized 80-90% of the protein from the nuclear homogenate. The NHP fractions were then
separated on DEAE-cellulose columns in a series of salt steps increasing in concentration from
0.05 to 0.50 M NaCI, followed by steps of2 M NaCl and 4 and 7 M guanidine-hydrochloride. The
40 NHP fractions eluted from these columns were further separated on polyacrylamide-SDS
gels and ranged in molecular weight from 9000 to I 10,000 daltons. Differences were observed in
the electrophoretic pattern of each of these 40 fractions. The high resolution ofthese fractiona-
tion procedures greatly enhances the possibility of observing small changes in proteins which
may play a role in gene regulation.
INTRODUCTION
Nonhistone proteins are involved in the regulation of gene expression in certain
prokaryotic systems (1-4). Nuclear nonhistone proteins (NHP's) associated with
chromosomes may play an analogous role in eukaryotic cells (5-11). They satisfy
many of the criteria for a regulatory protein: they are heterogenous (8, 10, 12-16);
they possess both tissue and species specificity (7, 8, 13, 17); they exhibit a high
affinity for DNA (7, 8, 18); and they influence DNA template activity (6, 8, 19-24).
No method, however, has yet been described in eukaryotes which quantitatively
recovers these proteins under conditions which permit resolution sufficiently sensi-
tive to detect changes in specific proteins which may be involved in gene-regulation.
We describe here a method for extracting NHP's from melanoma cells under con-
ditions which have been chosen to minimize denaturation and loss of potential bio-
logical activity, i.e., binding to DNA and template activity, maximize NHP yield, and
greatly increase resolution ofthese proteins.
MATERIALS AND METHODS
Culture Methods
Mouse melanoma cells (Cloudman S91 NCTC 3960 (CCL 53)) were obtained
from the American Type Culture Collection Cell Repository. Monolayer cultures
were grown in 250-ml Falcon culture flasks, 75-cm2 growth area, at 370 C, in Ham's
nutrient mix F-10 (GIBCO) supplemented with 2% fetal calf serum (GIBCO), 10%
horse serum (GIBCO), 100 units/ml ofpenicillin, 100,ug/ml ofstreptomycin, and 1.2
mg/ml ofsodium bicarbonate.
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Each flask was seeded with 1 x 106 cells. After 48 hr fresh F-10 medium which
lacked thymidine and leucine was added to the flasks. To this medium was added 8.1
UCi/ml of L-[4, 5-3H]leucine (New England Nuclear), 0.7 ,ug/ml of thymidine, and
1.3 ,ug/ml of L-leucine to give a final concentration of leucine of 2 ,ug/ml (15% of
leucine normally present in Ham's F-10 mixture). The concentration of thymidine
was the same as that normally present in Ham's F-10 mixture. Cells were grown in
this medium for 48 hr.
Isolation ofNuclei
Cells were released from the flasks with Ca2-, Mg2- freeTyrode's solution contain-
ing 5 mM EDTA, and sedimented for 5 min at 500g. The pellets were sedimented
twice in 0.14 M NaCl and were resuspended in a Potter-Elvehjem Teflon-pestle glass
homogenizer at a concentration of4 x 108 cells/60 ml of H buffer: 0.05 M tricine, pH
7.5; 0.02 M KCI; 0.005 M MgCl2; and 0.35 M sucrose to which was added 3 mg/ml ofL-
leucine. The cells were homogenized at 1000 rpm with a Teflon pestle at 4°C and
centrifuged at 5000g for 10 min. This homogenization procedure was repeated twice.
The pellets were gently homogenized in 60 ml of a solution of 2.2 M sucrose, 1.5 mM
CaCl2 (25) in a Dounce homogenizer using both A and B balls. The suspension was
centrifuged in an SW 50.1 Spinco rotor for 30 min at 30,00g. The resulting pellet con-
tained the purified nuclei. The integrity and purity ofthe nuclei were assured by light
and electron microscopy.
Extraction ofNuclear Nonhistone Proteins
Extractions of the NHP's at 40C were based on the methods of Spelsberg et al.
(26) as outlined in Fig. 1. The nuclear pellets were homogenized with a Teflon-pestle
glass homogenizer in NHP1 buffer containing 10 mm P04, pH 6; 2 M NaCl; 5 M urea;
1 mM MgCl2; and 0. 1% 13-mercaptoethanol at a concentration of0.4 mg ofprotein/ml
and were centrifuged in a Spinco 40 rotor for 24 hr at 105,000g. The supernatant
fraction contained the first nonhistone protein fraction (NHP1) plus the histones. The
pellet, which included the remaining nonhistone protein plus DNA, was rinsed with
distilled water, resuspended in NHP2 buffer, 2 mm Tris-HCl, pH 7.5 (0.6 mg/ml)
with a Teflon-pestle glass homogenizer and dialyzed for 2 hr against the same solu-
tion. This suspension was then centrifuged at 800g for 10 min to sediment the insolu-
ble protein, NHP2. The supernatant fraction, containing DNA with the remaining
nonhistone proteins, was further separated by addition of 2 vol of NHP3 buffer con-
taining 15 mm Tris, pH 8.5; 3.0 M NaCl; 7.5 M urea; 1.5 mM NaHSO3; 1.5 mM EDTA;
and 0.1% f-mercaptoethanol. This suspension was vigorously mixed and allowed to
stand at -20°C for 2 to 3 hr. It was then centrifuged for 36 hr at 105,000g to sedi-
ment the DNA bound to the remaining protein fraction (NHP4). NHP3 remained in
the supernatant fraction. Separation of NHP4 from DNA was based on a method of
Teng et al. (8). The pellet containing DNA and NHP4 was suspended in 5 vol of0.1 M
Tris-HCl, pH 8.4; 0.01 M EDTA; and 0.14 M ,B-mercaptoethanol (Buffer A). This sus-
pension was gently mixed with an equal volume of cold phenol saturated with Buffer
A and allowed to stand for 18 hr at 4°C. The mixture was homogenized briefly with a
Teflon-glass homogenizer and centrifuged at 12,000g for 10 min. The phenol phase
was collected and dialyzed against 100 vol of 0.1 M acetic acid containing 0.14 M f-
mercaptoethanol for 3 hr at 4°C. The dialysis was continued against fresh 0.1 M
acetic acid, 0.14 M f-mercaptoethanol until the phenol phase was reduced to about
one-third ofits original volume. The phenol phase was removed and dialyzed against
0.05 M acetic acid, 9.0 M urea, 0.14 M f-mercaptoethanol for 22 to 24 hr at 13°C.
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FIG. 1. Outline ofprocedures used for extraction and fractionation ofnuclear nonhistone proteins from
murine melanoma cells (see Materials and Methods).
Dialysis was continued for 2 hr in NHP4 buffer containing 0.1 M Tris-HCl, pH 8.4;
8.6 M urea; 0.01 M EDTA; and 0.14 M j3-mercaptothanol. NHP4 was then frozen at
-700C.
Column Chromatography
All ofthe following procedures were carried out at4°C. NHP, was separated from
the histones by column chromatography on Bio-Rex 70 (200-400 mesh, Na form,
Bio-Rad Laboratories) according to the procedure of Levy et al. (27). The de-fined
resin was packed by gravity to a final height of 11 cm in a siliconized glass column,
with an inside diameter of9 mm. The Bio-Rex column was equilibrated with the run-
ning buffer which contained 0.1 M NaPO4, pH 7.0; 6.0 M urea; 0.35 M guanidine
hydrochloride (G-HCL); 0.1% 3-mercaptoethanol. NHP1 was dialyzed for 20 hr
against 100 vol of the running buffer. The nonadsorbed peak contained the NHP's.
The histones, which were retained, were then eluted with 4 M G-TICL in the running
buffer, followed by a step of7 M G-HCL. The histones were frozen at -70°C.
NHP, NHP2, and NHP3 were each fractionated on DEAE-cellulose (DE-52,
Whatman). The de-fined resin was packed by gravity in a siliconized glass column, 9
mm x 11 cm, and equilibrated for at least 20 hr in 0.01 M Tris, pH 8.5; 3.0 M urea,
0.1% f3-mercaptoethanol. NHP1, NHP2, and NHP3 were each dialyzed for at least 20
hr in 50 to 100 vol of the above buffer, with one change. NHP2 was briefly homog-
enized in DEAE buffer (0.10 mg of protein/ml of buffer) before being dialyzed. The
samples were applied to the columns and the initial nonadsorbed peaks collected.
The bound NHP's were eluted from the column with NaCl in a series of seven to
eleven steps increasing in concentration from 0.05 to 0.5 M. Residual protein was
recovered in steps of 2 M NaCl and 7 M G-HCL. The columns were monitored by
counting aliquots of each fraction in 10 ml ofScintisol (Isolab, Inc., Akron, Ohio) on
a Nuclear Chicago Mark II scintillation counter. The fractions were pooled and
frozen at -70°C.
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Gel Electrophoresis
The NHP and histone fractions were subfractionated on SDS-polyacrylamidegels
according to the method of Teng et al. (8). Gels, 90 x 6 mm, containing 10% acry-
lamide, 0.2% N, N'-methylenebisacrylamide, 0.075% ammonium persulfate, and
0.075% TEMED (N,N,N',N'-tetramethyllethylenediamine) in 0.1 M NaPO4, pH 7.4,
0. % S SDS, were prerun for 30 min at 4.5 V/cm in the same buffer. The protein sam-
ples were dialyzed at 50 C for 4 to 24 hr against several changes ofdistilled water (at
least 100 vol) containing 0.1% f3-mercaptoethanol. The samples were then lyo-
phylized and redissolved in 0.01 M NaPO4, pH 7.4; 1% SDS and allowed to sit at
room temperature for 3 hr. They were further dialyzed overnight against 0.001 M
NaPO4, pH 7.4; 0.1% SDS; and 0.14 M /3-mercaptoethanol. After dialysis, 100 ,ul of
the sample was mixed with 25 ,l of42% sucrose and 0.01% bromophenol blue in the
dialysis buffer. The sample (100-200IL), containing 10,000-100,000 cpm, was applied
to the gel. Electrophoresis was carried out at room temperature at 4.5 v/cm for 6 to
7 hr. The gels were removed from the tubes and stained overnight in 0.2% brilliant
Coomassie blue in methanol: acetic acid:water (5:1:4) and then destained in me-
thanol:acetic acid:water (1:1:8). Alternatively, gels were removed from the tubes and
frozen at -20°C. The frozen gels were then sliced transversely into 1-mm sections on
a Mickle gel slicer and placed in scintillation vials containing 8 ml of the following
mixture: 20 ml of 4 N NH4OH; 100 ml of NCS solubilizer (Amersham/Searle Co.);
and 1000 ml of Liquiflour-toluene (1:24) (New England Nuclear Corp.) (28). The
vials were allowed to stand at room temperature for several days to elute the ra-
dioactivity from the gel. The samples were counted in a Nuclear Chicago Mark II
Scintillation Counter. Counting efficiency was 43% for 3H.
The molecular weights ofthe various proteins were then estimated from the linear
relationship between electrophoretic mobility and the logarithm of the molecular
weights of the protein standards (29). These included: bovine albumin, fraction V,
monomer, 68,000 daltons (Nutritional Biochemicals); human myeloma IgG, light
chain, 22,000 daltons, and heavy chain, 53,000 daltons (gift of R. Rosenstein); bovine
pancreatic deoxyribonuclease I, 31,000 daltons (Sigma); and horse heart cytochrome
c, 12,400 daltons (Sigma).
Analysis
Protein was determined by the method of Lowry et al. (30) after precipitation with
5% trichloroacetic acid (4°C) and solubilization in 0.2 N NaOH (100°C). Bovine
albumin was used as a standard. DNA was determined by the Burton diphenylamine
procedure (31), using deoxyadenosine as a standard. DNA was extracted by precipi-
tating the sample in 10% perchloric acid at 40 C and then solubilizing the nucleic acid
in 10% perchloric acid at 700 C.
The various protein fractions were prepared for amino acid analysis by dialyzing
them in 500-1000 vol ofdistilled water at 40 C with at least three changes. The sam-
ples were lyophilized and then hydrolyzed in evacuated tubes in 6 N HCI at 100°C for
24, 48, and 72 hr according to the method of Moore and Stein (32) and their amino
acid compositions were determined on a Beckman 121M amino acid analyzer. Cor-
rection was made for hydrolytic loss for threonine, serine, valine, and isoleucine (32).
RESULTS
Isolation ofNuclear Nonhistone Proteins
The method of isolating nuclei avoids the use of detergents which might disrupt
membranes and permit loss or denaturation of soluble nuclear proteins. The low-
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speed centrifugation through 2.2 M sucrose also eliminated significant contamination
of nuclei by cytoplasmic proteins. Electron microscopic examination of purified
preparations by Dr. Gisela Moellmann showed nuclei with intact nuclear membranes
and no visible cytoplasmic contaminants. The recovery of nuclei was determined by
counting nuclei stained with methyl green before and after sucrose sedimentation
and by DNA determinations using Burton's diphenylamine procedure (31). The yield
ofnuclei was approximately 75%.
The NHP's were isolated from the nuclei in a series of extractions yielding four
fractions. This method solubilized 80-95% of the protein from the nuclear
homogenate. The percentage of the nuclear protein recovered in each of these frac-
tions was determined by the method of Lowry et al.(30) as well as by absorbance at
280 nm and was as follows: NHP1 plus histones, 60-75%; NHP2, 10-20%; NHP3,
3-5%; and NHP4, 0.3-0.4%. These values were reproducible from preparation to
preparation. This procedure utilizes a series of buffers of alternating ionic strength
which increase in pH from 6 to 8.5. Four NHP fractions are sequentially removed
from DNA in higher yield than possible in a single-step separation. We have tried
several such one-step separations of NHP's from DNA (27, 33) and our yields of
NHP's ranged from only 30 to 38% of the total nuclear protein. Moreover, using our
separation technique, the solubilized protein fractions (NHP1-NHP4) can then be
dialyzed, with little loss, into buffers of sufficiently low ionic strength to permit bind-
ing to ion exchange resins for further fractionation.
NHP1 was separated from the histones on Bio-Rex, a cation exchanger. The
nonadsorbed fraction contained the nonhistone protein (30-40% oftotal nuclear pro-
tein) while the adsorbed fraction contained the histones (30-35% of the nuclear pro-
tein). The total recovery from this procedure was 90-95%.
In order to confirm the separation of NHP's from histones on Bio-Rex, cells were
labeled for 48 hr with [3H]-tryptophan (2.1 Ci/mmol) (New England Nuclear, 5
juCi/ml of medium). The cells were harvested and the NHP's isolated. NHP1 plus
histones were separated on a Bio-Rex column. Since histones contain no tryptophan,
all of the label should be associated with the nonhistone proteins (34). Ninety-five
percent of the counts were recovered from the Bio-Rex separation, ofwhich less than
6% was eluted with the histones. This indicated little contamination of the histone
fraction by NHP's. NHP2 and NHP3, when chromatographed on Bio-Rex, were
shown to contain negligible histone or other strongly basic protein. Stained
SDS-polyacrylamide gels of each of the four NHP fractions are shown in Fig. 2. This
figure demonstrates that each of the four fractions is highly heterodisperse.
Amino acid analysis of the various NHP fractions shows that their acidic amino
acid content is greater than that of their basic amino acids as compared to the
histones (Table 1). These ratios are similar to those found in mouse (14) and rat (8,
35-38) liver chromatin, pig cerebellar and pituitary chromatin (39), and human fibro-
blast nuclear proteins (40).
Comparison ofNuclear Nonhistone Proteins
NHP1, NHP2, and NHP3 were dialyzed into a low salt buffer and applied to
DEAE-cellulose columns. Figure 3 shows the elution of NHP3 from the column with
steps of increasing salt concentration. Approximately 60-80% of the added counts
were recovered from the DEAE-cellulose columns. Elution profiles from linear salt
gradients showed substantially less resolution that the step gradients.
Fractions eluted at each salt concentration from the DEAE-cellulose columns
were pooled and further separated on SDS gels. The fractionation patterns showed
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FIG. 2. Electrophoretic profile ofNHP fractions on 10% SDS-polyacrylamide gels. Samples were pre-
pared as described in Materials and Methods and electrophoresed following the protocol ofTeng et al. (8).
Direction ofmigration was from top (cathode) to bottom (anode) at 4.5 V/cm for 7 hr. Gels were stained in
0.2% brilliant Coomassie blue. (a) NHP1, (b) NHP2, (c) NHP3, (d) NHP4.
great diversity. NHP, was eluted in a series of 15 salt steps. The proteins ranged in
molecular weight from 9000 to 110,000 daltons. Representative gel patterns of a
number of these fractions are shown (Fig. 4). Proteins in the nonadsorbed material
were mostly low molecular weight (Fig. 4b) in contrast to those eluted at varying salt
concentrations which showed a wide range of molecular weights. There are
differences in patterns ofthe peaks among the various fractions. The 0.075, 0.10, and
0.125 M NaCl (Fig. 4d) fractions differ from the 0.05 M fraction (Fig. 4c) in theloss of
the 17,000 molecular weight proteins and the appearance of proteins of 36,000
daltons. There is a progressive decrease in the low molecular weight proteins (10,-
000-16,000) in the 0.125 and 0.150 M NaCl fractions (Figs. 4d and e) and the 35,-
000-40,000 molecular weight proteins in the 0.150 M fraction. As the NaCl
concentration is increased to 0.175 M, 18,000 and 37,000 dalton proteins are eluted
(Fig. 4f). The 0.20 and 0.250 M fractions are similar to this except for the loss of the
37,000 dalton proteins. As the salt concentration is increased to 0.30 M (Fig. 4g) and
0.40 M, a larger percentage of the protein is found in the 50,000-95,000 molecular
weight range. The remaining NaCl fractions (0.5-2 M) show a progressive decrease
in the high molecular weight proteins and only low molecular weight proteins
(9000-17,000) are observed in the 2 M fractions (Fig. 4h). NHP's displaying a wide
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TABLE 1
Amino Acid Analysis ofNuclear Nonhistone and Histone Proteins from Murine Melanoma Cells
Protein fractiona
Amino acid NHP, NHP2 NHP3 NHP4 Histones
Aspartic acid* 11.1 8.9 9.7 9.2 5.4
Threonine 5.4 6.0 5.7 5.8 5.7
Serine 6.9 9.5 8.6 8.4 8.0
Glutamic acid* 12.2 11.9 11.6 11.1 7.6
Proline 5.2 4.8 5.2 3.7 5.3
Glycine 8.6 12.5 10.5 9.1 8.0
Alanine 8.8 8.2 8.3 7.6 14.1
Valine 6.2 6.4 7.5 6.5 6.8
Methionine 0.9 0.7 0.4 1.7 0.4
Isoleucine 4.1 4.5 3.6 5.1 3.4
Leucine 8.6 8.2 7.9 10.6 6.0
Tyrosine 2.5 2.7 2.3 3.0 2.5
Phenylalinine 3.5 3.4 4.0 4.6 1.9
Histidine** 2.3 2.1 3.7 2.4 1.7
Lysine** 7.8 6.9 7.0 6.5 17.0
Arginine** 6.9 4.5 4.7 4.8 7.0
Acidic (A)* 23.3 20.7 21.3 20.3 13.0
Basic (B)** 17.0 13.5 15.4 13.7 25.7
A/B 1.37 1.53 1.39 1.48 0.51
a Values are expressed in moles/100 moles of recovered amino acids and are the average of three
preparations except for NHP4 which represents two analyses. Corrections were made for hydrolytic losses
(see Materials and Methods).
range of molecular weights (10,000-85,000 daltons) are again eluted at 4 M G-HCl
(Fig. 4i) and 7 M G-HCl. Stained SDS gels ofseveral ofthe NHP1 fractions are seen
in Fig. 5.
NHP2 was eluted from the DEAE-cellulose column in a series of 11 steps of
increasing salt concentration. Several of these fractions were combined before being
separated by polyacrylamide-gel electrophoresis. The proteins ranged in molecular
weight from 9000 to 90,000 daltons. Several ofthegel patterns are shown in Fig. 6. In
contrast to NHP1, only low molecular weight proteins (9000-15,000) were found in
the 0.05-0.075 M NaCl fractions. However, as the salt concentration was increased,
proteins of higher molecular weight were eluted. Proteins of 17,000-35,000 daltons
appeared in the 0.1-0.15 M fraction and, along with these, 54,000-78,000 dalton pro-
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FIG. 3. Elution profile of NHP3 on DEAE-cellulose. The sample and column were prepared as
described in Materials and Methods. NHP3 was eluted in a series of 11 salt steps increasing in concentra-
tion from 0.05 to 2.0 M NaCl followed by steps of4 and 7 M G-HCI. Arrows (1) indicate when each salt
step was added to the column. One-milliliter fractions were collected.
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FIG. 4. Separation of NHP1 fractions of SDS gels. The fractions were eluted from a DEAE-cellulose
column in a series of salt steps and prepared as described in Materials and Methods. Samples were elect-
rophoresed as described in Fig. 2. Gels were sliced transversely into 1-mm sections and each slice was
counted for 20 min. (a) Molecular weight range ofprotein standards (see Materials and Methods), (b) flow
through, (c) 0.05 M NaCl fraction, (d) 0.125 M NaCl fraction, (e) 0.150 M NaCl fraction, (f) 0.175 M NaCl
fraction, (g)0.30 M NaCl fraction, (h) 2.0 M NaCl fraction, (i)4.0 M G-HCI fraction.
teins were eluted at 0.2-0.3 M NaCl (Fig. 6b). As the salt concentration was
increased to 0.5 M NaCI (Fig. 6c) and 4 M (Fig. 6d) and 7 M G-HCl, there was a
progressive increase in elution of higher molecular weight proteins (40,000-85,000
daltons).
NHP3 was separated on a DEAE-cellulose column into 13 fractions. Several ofthe
patterns of these fractions of gels are shown in Fig. 7. The proteins ranged in
molecular weight from 8800 to 88,000 daltons. Like NHP1 proteins in the flow
through (Fig. 7b) and those eluting at 0.05 and 0.075 M NaCl were oflow molecular
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FIG. 5. Electrophoretic profiles of NHP, fractions on SDS gels. Fractions were eluted from a DEAE-
cellulose column in a series of salt steps and applied to the gels as described in Fig. 2. Gels were run from
top (cathode) to bottom (anode) at 4.5 V/cm for 7 h and stained in 0.2% brilliant Coomassie blue. (a) 0.3 M
NaCl fraction, (b) 2.0 M NaCl fraction, (c) 4.0 M G-HCI fraction.
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FIG. 6. Separation of NHP2 fractions on SDS gels. The fractions were eluted from a DEAE-cellulose
column and electrophoresed as described in Fig. 3. (a) Molecular weight standards, (b) pooled 0.2-0.3 M
NaCl fractions, (c) 0.5 M NaCl fraction, (d) 4.0 M G-HCI fraction.
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FIG. 7. Separation of NHP3 fractions on SDS gels. The fractions were eluted from a DEAE-cellulose
column and electrophoresed as described in Fig. 3. (a) Molecular weight standards, (b) flow through, (c)
0.10 M NaCl fraction, (d) 0.125 M NaCl fraction, (e) 0.15 M NaCl fraction, (f) 0.20 M NaCl fraction, (g)4.0
MG-HCI fraction.
weight (8000-16,000). Unlike NHP2, fractions of 0.10 M NaCl to 7 M G-HCl
contained proteins with a wide range of molecular weights with some differences ap-
pearing between the various fractions. The 0.125 M NaCl fraction (Fig. 7d) differs
from the 0.10 M fraction (Fig. 7c) in the increased amount of protein of 33,000
daltons. This increase is not seen in the 0.15 M fraction (Fig. 7e). The 0.20 M fraction
has an 18,000 molecular weight peak (Fig. 7f) not seen in the preceding fractions.
The 0.3 through 0.5 M NaCI fractions were similar to 0.20 M with only slight
differences. Proteins eluted at 2 M NaCl and 4 M and 7 M G-HCI (Fig. 7g) ranged in
molecular weight from 9000 to 50,000 (with no higher molecular weight peaks).
Since NHP4 contained less protein than theother fractions, the entire fraction was
run on an SDS gel. Proteins in NHP4 ranged in molecular weight from 9000 to 90,000
daltons (Fig. 8).
DISCUSSION
In order to measure small changes among a potentially large number of NHP's it
is essential to obtain the highest possibleyield ofthese proteins, as well as to increase
the level ofresolution required for detecting small differences among them. We have
modified a method (26) for isolating NHP's from mouse melanoma cells which opti-
mizes their recovery and identification.
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FIG. 8. Separation of NHP4 on SDS gels. The sample was prepared and electrophoresed as described
in Fig. 3. (a) Molecular weight standards, (b) NHP4.
Many studies of NHP's have attempted to analyze unfractionated or less exten-
sively fractionated preparations (8, 16, 23, 26, 38, 41-47). These methods are inade-
quate for detecting small changes in nonhistone protein, since the large number of
minor protein species may be masked by the major proteins present (47). We have
divided the NHP's into four fractions (NHP1-NHP4) (26) and have reduced the com-
plexity of each fraction by means of extensive subfractionation on DEAE-cellulose
columns followed by further separation on polyacrylamide gels. Gels from each of
the 40 pooled fractions recovered from the columns were sliced into 80-100 sections,
yielding a total of nearly 4000 subfractions. This method achieved a degree ofresolu-
tion far greater than any previously described. As in any fractionation procedure
involving step gradients, there appears to be some overlap of proteins with respect to
molecular weight or electrophoretic mobility. We do not know if these are similar or
different polypeptides. This determination would be accomplished by a functional
analysis which we anticipate. However our initial aim was to separate these proteins
into a large number offractions in order to detect species present in small quantities.
In addition to providing a high-resolution technique for analyzing NHP's, our ap-
proach for isolating these proteins also differs from many previous efforts. A number
of procedures for extracting NHP's is based on the assumption that chromatin is the
optimal starting material (13, 14, 27, 35-39, 48-50). However, soluble nuclear pro-
teins are discarded in these procedures. Our rationale was to increase our yield by
extracting all ofthe nonhistone proteins from the nucleus. We do not know how many
of the nuclear proteins which we have isolated play a role in genetic regulation, but it
is possible to distinguish them from nonregulatory proteins by operational criteria
such as ability to bind to homologous DNA as well as to regulate the rates and
products of DNA transcription. These studies are currently in progress.
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